In recent years, development of nanotechnology as well as the toxicity potential of nanomaterials on the environment has received much attention. In order to assess the potential toxic impact of nanoparticles on aquatic environments, we used three kinds of nanoparticles, including titanium dioxide (TiO 2 ), copper oxide (CuO), and zinc oxide (ZnO) on an aquatic model species, Daphnia magna. In fact, Daphnia magna was exposed to different concentrations for 24, 48, 72, and 96 h at 20-25°C. All the important water quality parameters, such as temperature, pH, and dissolved oxygen (DO) were controlled to meet the standard requirements during the experiment. The LC 50 values for 24, 48, 72, and 96 h were estimated statistically using Probit methods. The LC 50 48 h values for TiO 2 , CuO, and ZnO were 171.88 mg/l, 6.62 mg/l, and 3.23 mg/l, respectively. REZUMAT: Ecotoxicitatea nano particulelor la Daphnia magna. Dezvoltarea nanotehnologiei în ultimii ani şi potentialul de toxicitate a acestora constituie subiectul prezentei lucrari. Pentru a evalua potenţialul impact toxic al nanoparticulelor în mediu acvatic, au fost folosite trei feluri de nanoparticule cum sunt dioxidul de titan (TiO 2 ), oxidul de cupru (CuO) şi oxidul de zinc (ZnO), pe o specie-model acvatică, Daphnia magna. Daphnia magna a fost expusă la diferite concentraţii timp de 24, 48, 72 și 96 de ore la 20-35°C. Parametri de calitate a apei ca: temperatura, pH-ul şi oxigenul dizolvat au fost controlaţi pentru a cunoaşte cerinţele standard în timpul experimentului. Valorile LC 50 pentru 24, 48, 72 şi 96 ore au fost estimate statistic cu ajutorul metodei Probit. Valorile de LC 50 la 48 de ore pentru TiO 2 , CuO și ZnO au fost de 171.88 mg/l, 6.62 mg/l, 3.23 mg/l la respectivul experiment.
INTRODUCTION
In the past decade, there was less concern and attention about nanoparticles (NPs) and nanomaterials (Lovern and Klaper, 2006; Masciangioli and Zhang, 2003) . In recent years, however, by finding more evidence about the potential impact of NPs, they have come under scrutiny. It seems that NPs can enter into the aquatic ecosystem as a result of their proposed use in industries (Fabrega et al., 2013) .
Daphnia is known as a bio-indicator used by various organizations around the world and is suggested by U.S. Environmental Protection Agency (U.S.EPA) for bioassay test. D. magna can be utilized as an aquatic bio-indicator because this species is able to filter an average of 16.6 ml/h (McMahon and Rigler, 1965) , and consequently has a great potential to be affected by pollutant particulates such as NPs. Nanoparticles have the capability to be absorbed during filtration, hence have an impact on feeding ability. Because D. magna has a key role in the aquatic food chain between the algae and fish which feed on them, it is necessary to find out the toxic response and effect of NPs on D. magna (Lovern and Klaper, 2006) .
Several studies performed on the eco-toxicity of TiO 2 NPs have already showed that these NPs have low toxicity (Ozkan et Considering this fact that D. magna has a key role in the aquatic food chain, studying the toxicity of NPs on this organism would offer important insights into a broad impact of NPs in the aquatic environment.
The main aim of this study was to assess the potential toxic effects of NPs on freshwater environments. For this purpose, three different NPs including titanium dioxide (TiO 2 ), copper oxide (CuO), and zinc oxide (ZnO) were used on an aquatic model species, Daphnia magna.
MATERIAL AND METHODS
Zinc oxide (ZnO), titanium dioxide (TiO 2 ), and copper oxide (CuO) nanoparticles were purchased from U.S. Research Nanomaterial's Inc., Houston, TX, USA. The physical properties of NPs are listed in table 1. The NPs stock solutions were prepared by suspending selected NPs powders in deionized water at a stock concentration of 20% (w/v). Vortexes for 20 s at 2000 rpm were used for homogenizing the suspension (Ozkan et al., 2015; Ates et al., 2013) . The stock suspension was transferred immediately into the 500 ml beaker which contained D. magna. Daphnia magna was obtained from the health faculty of Shahid Beheshti University. Daphnia magna was maintained at a constant temperature (22 ± 2ºC) with natural light-dark cycle.
Some of the water quality parameters, including pH, DO, EC, and temperature were measured in each test during the experiment. The temperature was measured using a digital thermometer. The solution pH was measured using a ColeParmer Model 5398-00 digital pH meter. DO was measured using a sensefon 378 digital model. The physicochemical characteristics of the test water are presented in table 2.
Acute toxicity test was conducted according to the Organization for Economic Cooperation and Development testing guidelines 202 guidelines (OECD, 2004) . In the primary test, to quantify the NPs concentration, D. magna was exposed to 0.05, 0.01, 1.00, 10.00, 100.00, and 200.00 mg/l in 96 h and the mortality was recorded in each treatment. In this stage, we used 15 individuals of D. magna in 0.5 litter beaker. This method was used for all three NPs. Then, totally 45 D. magna were exposed to different concentrations of the NPs for 24 h, 48 h, 72 h, and 96 h. After that, based on mortality rate in the first stage, different concentration was made for each NP.
Based on the primary test, the concentrations of ZnO and CuO NPs were same as of 1, 3, 5, 7, 9, and 10 mg/l. However, for TiO 2 NPs, the test concentrations were 100, 120, 140, 160, 180, and 200 mg/l. A control group was also set up without the test compound, using only fresh water. Exposures concentrations were carried out in triplicate groups in 500 ml fresh water.
Slight The controls showed no mortality in 24, 48, 72, and 96 h. As mentioned above, all the exposures tests were conducted in the absence of feeding. No mortalities in the control treatment could describe the fact that food lack did not induce any lethal effects on this species even up to 96 h. In 24 h, the average mortality ranged from 11.1% (one mg/l) to 64.4% (9, 10 mg/l) for ZnO NPs, from 11.1% (one mg/l) to 60% (10 mg/l) for CuO NPs, and from 6.6% (100 mg/l) to 55.5% (200 mg/l) for TiO 2 NPs.
The average mortality in 96 h exposure was about 68.9% in one mg/l suspensions of the ZnO NPs and increased to 100 % in 7, 9, 10 mg/l suspensions. Likewise, the mortality rate of CuO NPs was 26.7% in one mg/l suspensions and increased to 91.2% in 10 mg/l suspensions. For TiO 2 NPs, the average mortality was about 28.8% in 100 mg/l suspensions and increased to 100% in 200 mg/l suspensions.
These results of mortality percent, point to the fact that both TiO 2 and CuO NPs showed moderate toxicity to Daphnia magna at 96 h of exposure compared to CuO regardless of their size and concentration. The toxicity pattern in mortality percent of metal oxides to D. magna at 24 h of exposure was in the order of ZnO > CuO > TiO 2 .
In the present study, CuO NPs were found to have a 24 h LC 50 of 7.85 mg/l, for ZnO LC 50 at 24 h was found to be 6.58 mg/l, and for TiO 2 was 188.99 mg/l which was around 28 times higher than that of ZnO NPs and around 25 times higher than that of CuO NPs. Formula 1 and 2 were used to calculate the safety factor of SAFE and SAR coefficients. For CuO NPs, SAFE and SAR were 0.001 and 0.002, respectively. By considering the obtained value of SAR (0.002 mg/l), it could be seen that effluents with this SAR could enter the water body without any concerning about mortality in some sensitive organisms such as D. magna. SAFE and SAR values were 0.010 and 0.006 for ZnO NPs, respectively; showing it could not be very harmful at this level for some aquatic organisms such as D. magna. Table 5 shows SAFE and SAR values. Table 6 shows the results of some other studies about the toxicity of NPs on D. magna which can be used to compare with our findings. In the present study, the LC 50 value for the acute toxicity tests of ZnO NPs on D. magna at 48 h was 3.23 mg/l. For the same species, Heinlaan reported a 48 h LC 50 acute toxicity value of 3.20 mg/l for the acute toxicity of Zn (Heinlaan et Based on our results, any difference between toxicity thresholds may be related to the particle size differences, analyzing and preparation methods, or test designs and inconsistent test conditions such as pH, photoperiod, and dissolved oxygen (DO) (Wang et al., 2016) . For example, the diameter of the TiO 2 used in Zhu et al. (2008) study was 20 nm, but in the present study, it was 10-30 nm, and about other NPs, the actual size of the TiO 2 NPs in this study was 20 nm and in Heinlaan study was 50-70 nm. The toxicity of metal oxide NPs may be partially due to the release of metal ions. Blinova et al. (2010) reported that the toxicity of nCuO (nano CuO) and nZnO (nano ZnO) in natural waters resulted mainly from dissolved metal ions (Blinova et al., 2010) .
In some cases, NPs were observed in the Daphnia intestine. Aquatic animals such as D. magna may consume or eat NPs, mistaking them for food. In this situation, NPs agglomerate further in the digestive system, and finally block it and cause death (Strigul et 
CONCLUSIONS
The results of this study showed that LC 50 96 h TiO 2 nanoparticles were much less toxic to D. magna than CuO and ZnO NPs. Based on our results in this study, it can be concluded that:
• The selected NPs in the present study (CuO, ZnO, and TiO 2 ) may have acute dosedependent eco-toxicological effects on D. magna.
• NPs with different compositions or different size show different toxicities effects on aquatic organisms.
• NPs toxicity effect could be as a result of the NPs properties, dissolution methods, and NPs agglomerates which were developed during the test.
• The results of this study indicated that the potential eco-toxicity and environmental health effects of NPs should be given due attention.
